Cassels was a physicist who, in the course of his career, encompassed a wide range of interests. As a research student he pioneered a new branch of research in the study of solids by slow neutron scattering. While still in his twenties he played an important part in persuading the Government to join the fledgling C.E.R.N. organization in Geneva. By research on the synchrocyclotrons at Harwell and Liverpool he established himself internationally as an authority in the field of high-energy particle physics. Occupying the Liverpool Chair once held by Chadwick he continued the work of his predecessor in developing the Physics Department as a centre of excellence, with the provision of new facilities and the establishment of the nearby Daresbury Laboratory. For many years he was active in the promotion of energy conservation through the concept of combined heat and power from power stations. Towards the end of his career he suffered increasingly from ill-health.
younger boys often played together, building models, collecting stamps, etc. They both played much golf on the local course, where a round cost only a few pence. Jim had an early introduction to classical music through his best friend at that time, who belonged to a very musical family. In 1938 a distant cousin, who was looking into the history of the family, took Jim on an extensive tour of Scotland by car. This made a deep impression on him and he retained a close attachment to that country for the rest of his life.
Between the ages of 7 and 14 he attended the local Rochester House School. Here he did well on both the science and arts sides and was particularly impressed by the mathematics master, Mr Shaw. At 14 he decided to try for a scholarship at St Lawrence College, Ramsgate, a decision supported by the headmaster of Rochester House, who had connections there. His brother John saw the decision as a bold one and admired him for it. He was successful in obtaining an Entrance Scholarship and the excellent teaching there in physics and mathematics reinforced his decision to make a career in science.
On leaving school with good results in the Higher School Certificate examination Cassels was accepted by Trinity College, Cambridge, under the Government wartime Radio Bursary scheme, which supported him for the two years it took to obtain an Honours Degree in physics. The family circumstances would otherwise not have enabled him to afford a university education. It was at Cambridge that he met his future wife, Jane Lawrence, the daughter of the Professor of Classical Archaeology in the University, A. W. Lawrence, who was the youngest brother of T. E. Lawrence. They were married in 1947 and had two children, a son and a daughter.
After graduation with a First Class Degree in 1944 he was drafted into the Government atomic bomb project code-named 'Tube alloys research'. After helping with a study of aparticle emission in fission led by Norman Feather (1)*, he worked with Jack Dainty on the construction of a system for modulating the beam of the 37 inch cyclotron. This was to produce pulses of neutrons for a time-of-flight neutron velocity selector.
In 1946 Cassels embarked on the study for his degree of Ph.D. and first used the beam modulator to measure the (0.8 s) half life of 6He (2). His supervisor Robert Latham then suggested that they use the velocity selector to investigate the scattering of slow neutrons by polycrystalline solids. Using a BF3 counter as neutron detector, they first studied the scattering by lead of neutrons with a range of energies (3). In elastic scattering from a crystal with more than one isotope the overall scattering cross section has two components: the ordered scattering cross section E(S), which varies with the angle of scattering and neutron energy, and the disordered scattering cross section E(s), which is usually much smaller and constant. At small neutron wavelengths interference effects smooth out and the scattering becomes the average nuclear scattering cross section of the isotopes (cr). At large wavelengths (greater than the maximum Bragg spacing) no coherent scattering is possible and the cross section becomes E(s). Latham and Cassels measured the scattering at large and small wavelengths and measured the ratio of cr and E(s). Inelastic scattering was expected to be small in this experiment at room temperature. Previous determinations of scattering cross sections had been done by absorption measurements which necessitated the subtraction of the comparatively large nuclear absorption cross sections.
The fundamental theory of inelastic scattering of slow neutrons by polycrystalline solids was worked out by Weinstock in 1944. He showed that, at medium and long wavelengths, the important scattering mechanism is that in which lattice vibrations change energy by one quantum (either * Numbers in this form refer to the bibliography at the end of text.
absorption or emission of a single phonon). Weinstock derived results of the theory for iron, so Cassels and Latham made measurements to check these (4, 5, 20) . They determined the total cross section in a transmission experiment at several wavelengths greater than the maximum Bragg spacing, so that there could be no ordered elastic scattering. Measurements were made at four temperatures between 77 K and 800 K. At the lowest temperature inelastic scattering should be very small. As the temperature was increased the results for the inelastic scattering were increasingly greater than predicted. After various possibilities had been considered it was decided that the most likely reason for the excess was magnetic scattering from the thermally disordered spins of the iron atoms. This was later confirmed by others (7).
Weinstock's theory had been based on the assumption that the poly crystalline solid was composed of an element with only one, spinless isotope. Cassels developed the theory to include the case of an element with several isotopes, which could also have spin. The overall scattering cross section then had four components which he called (i) the ordered elastic cross section, (ii) the disordered elastic cross section, (iii) the ordered inelastic cross section and (iv) the disordered inelastic cross section.
To test the theory Cassels did an experiment with aluminium in which he measured the total cross section by the transmission method at four temperatures between 90 K and 700 K and a range of wavelengths greater than the maximum Bragg spacing. The agreement with the theory, for both the variation with temperature and that with wavelength, was good (9).
In all this work Cassels showed complete mastery of the theory as well as considerable experimental skill in exploiting the comparatively weak cyclotron neutron source. He also began to exhibit the strong personality and leadership qualities that became so evident later.
Gordon Squires became a research student at the start of Cassels's final, third year. He writes:
During my first year I had in effect a second supervisor in Cassels. From him I learnt the good habit of not letting measurements accumulate, but of working out the results as the experiment is done. Being close in age he had no inhibitions about working me hard. I remember once, at the end of an exhausting day when we had made measurements non-stop from about 10 a.m. till 6 p.m., his putting on his jacket to leave the laboratory and saying, 'Make sure you work out today's results this evening, so we know what to do when we start tomorrow -I am going to the cinema'.
In the summer of 1949, as Squires relates, Cassels was greatly excited by an idea that had occurred to him for investigating the frequency spectrum of the lattice vibrations in a crystal. His idea was to use a single crystal and determine the energy of neutrons scattered at various angles relative to the directions of an incident monoenergetic beam and of the crystal axes. In coherent one-phonon scattering the conservation laws would then enable the frequency of the exchanged phonon to be determined. Cassels was advised, perhaps unfortunately, not to publish the idea before demonstrating it experimentally. There is however a mention of the idea towards the end of his article in Progress in Nuclear Physics (7) . It was in fact six years before improved neutron sources and spectrometers enabled the method to be demonstrated, following which it became a standard technique and the most powerful method for investigating the lattice vibrations of crystals. After he went to Harwell, Cassels did try the method using neutrons from the BEPO reactor but the source was too weak. He never obtained full recognition for his seminal idea, although his remark in the article quoted above did fall on fertile ground and was mentioned by B.N. Brockhouse, the Nobel Prizewinner, who exploited the method using the high flux reactors in North America.
During his time as a research student Cassels was supported financially by a Research Scholarship from Trinity College and then a Coutts Trotter Studentship also from Trinity. In 1949 he submitted a thesis for a Trinity College Fellowship, but his application was not successful. This was naturally a bitter disappointment to him, but it heralded a complete change in his career, with his leaving a field of research that he had pioneered and that was about to expand dramatically with the advent of high flux neutron sources. Cassels suggested that a substantial experimental programme of neutron scattering be undertaken using BEPO, the U.K. nuclear research reactor. A modest beginning had already been made on a neutron diffraction programme, where the neutrons are used in the same manner as X-rays in classical X-ray crystallography. Cassels's proposals resulted in the formation of a neutron scattering section and new experimental initiatives in both aspects of the Harwell work, and introduced new people, including myself, to neutron scattering and diffraction at Harwell. Cassels showed outstanding foresight in proposing inelastic scattering of neutrons for solid state studies and it is now a major area of current experimental physics. He was vigorous and outspoken in his advocacy, and there is no doubt of the pioneering impetus he gave to research with slow neutron scattering, especially in the U.K.
Lobbyist for C.E.R.N.
Soon after his arrival at Harwell, Cassels began to be interested in the wider world of science politics, stimulated by his close association and friendship with Pickavance. In the autumn of 1950 the two of them learnt, at a meeting in Oxford, of the suggestion to establish a European centre for nuclear physics, which had been formally proposed by Rabi at the Florence meeting of U.N.E.S.C.O. in June. As Cassels himself says, he was fired by this idea and, together with Pickavance, he toured the country advocating British participation. The attitude of the senior scientists in Britain has been detailed in the official History o f CERN (1987) and it is clear that, with one or two exceptions, this was anything but favourable. The gradual change in attitude, which led eventually to the decision for Britain to sign the convention establishing C.E.R.N. in July 1953, owed much to the persistent lobbying of Cassels and Pickavance. As the official History states:
The key factor determining Britain's change in policy was the growing conviction among a group of younger nuclear physicists based at Harwell that their scientific interests were best served by membership of the European laboratory.
Cassels was the leading member of this small group and, young though he was, Cassels was able to make his influence felt on the evolution of the C.E.R.N. establishment through Cockcroft, who was always favourably inclined towards the new laboratory. For example, at one stage the intention was to build a small electron synchrotron, either before or in parallel with the large proton accelerator. At a meeting in Copenhagen in July 1951 Cassels spoke strongly in favour of a synchrocyclotron instead of the electron synchrotron and at a meeting of the consultants later that year Cockcroft put forward this suggestion and it was accepted. A design group for the synchrocyclotron was established in August 1952 with Bakker as group leader and Pickavance his deputy. In fact, owing to Pickavance's commitments at Harwell, Cassels often went to the group meetings together with Moore from Liverpool.
Again quoting from the C.E.R.N. History:
Concern in British circles that the Laboratory was becoming involved in activities only loosely connected with accelerators was sparked by Cassels during a European trip.
Some people were talking of equipping the Laboratory with two or three Van de Graaff accelerators, an electron microscope and an X-ray machine. These suggestions, he wrote to Cockcroft and Chadwick, 'underline the importance of getting a firm programme into any agreement we sign'. As a result the aims of the laboratory were precisely specified in the final convention.
Finally, an important paper (18) that Cassels wrote in June 1952 should be mentioned. This was entitled 'Great Britain and the European Laboratory' and was widely circulated to nuclear physicists by Cockcroft. As the C.E.R.N. History says, it was a structured argument for full British membership of the organization. It contained five sections dealing with the programme of the Laboratory, the accelerator equipment, the likelihood of success, the policy of Great Britain towards it and the cost of joining. If Britain's physicists had no access to a big bevatron, Cassels concluded, by 1960 they would probably have to be content to take no part in a field of research accessible not only to the U.S.A. but also to the ten member states of the provisional C.E.R.N. organization.
Experiments on the synchrocyclotron
When Cassels arrived at Harwell the synchrocyclotron was just coming into operation. Plans for the initial experiments had been prepared by Taylor and the first results were submitted for publication early in 1950 (6, 8, 11) . According to Randle, Cassels took an immediate interest in the experimental programme and was a considerable driving force, making many useful suggestions concerning the apparatus and the conduct of the experiments.
In these experiments the neutron beam from the cyclotron was used to measure the total cross sections of various elements for neutrons (10, 13). The experiments were complicated by the continuous energy distribution of the neutrons. Ten elements between hydrogen and lead were used and the measured total cross-sections were discussed in terms of the optical model of the nucleus. There was general agreement with the predictions of the model.
In another series of experiments the energy spectra of the neutrons from targets of several elements in the cyclotron were measured (22). The neutron spectra all show a peak near the maximum energy. Since the neutron mean free path in the nucleus is of the same order as the nuclear radius this peaking is to be expected for neutron recoils in the forward direction. Detailed comparison of the spectral shape with theory was not possible because of the spread in energy of protons hitting the target in the cyclotron. This energy spread is due to radial oscillations of the beam together with the effect of target thickness, increased by multiple traversals of the target. Cassels, with J.M. Dickson and J. Howlett, developed the theory of target multiple traversals (14, 17). Cassels, Pickavance and Stafford (15, 21) measured the proton-proton differential scattering cross section between 25° and 90°. The two scattered protons from a target of polyethylene were detected in gas counters and measured in coincidence. The accepted solid angle was determined by an aperture in a block placed in front of one of the counters. The intensity of the incident beam was monitored by an ionization chamber, calibrated by means of a photographic plate that was placed in the beam. After a short exposure, monitored by the ionization chamber, the number of tracks produced by the protons was counted.
The cross section was found to be constant over the angular range measured, in accord with previous measurements at similar high energies. However, the actual value of the cross section was larger than previous measurements by Chamberlain, Segre and Wiegand by more than 2 times the combined standard deviations. The main difference between the two experiments was the use of the newly developed scintillator crystals by the latter workers instead of gas counters. The accepted solid angle is then set by the size of one of the crystals, without the use of a defining aperture. In a later experiment Cassels (24) measured the 90° cross section at 147 MeV using plates of scintillator as detectors and a similar beam monitoring arrangement to that used previously. He found reasonable agreement with the results of Chamberlain et al. and others.
Liverpool 1953-59

High-energy physics
At Liverpool a 156-inch synchrocyclotron, which had been started by Chadwick, was nearing completion under the direction of the new Head of Department, Herbert Skinner. With its proton energy of 400 MeV it would be able to provide beams of pions. Since studies of these were one of the main interests at that time in high-energy particle physics Cassels moved in 1953 to Liverpool. Here he progressed from Lecturer to Professor of Experimental Physics in 1956.
Cassels had a deep understanding of theoretical physics and, together with his group, embarked on a series of experiments designed to test various aspects of the theory of the subject. The first of these was a measurement of the so-called Panofsky ratio. The capture of a slow negative pion by a proton leads to one of two modes of decay: either the emission of a neutral pion and a neutron or the emission of a y-ray and a neutron. The ratio of the probabilities of these two is the Panofsky ratio. Theory can be used to relate the first of these to the s-wave charge exchange scattering of low-energy negative pions by protons. The second can be related to the s-wave part of a photoproduction process. Calculations from measurements of these linked processes gave the ratio R = 1.77 ± 0.3, whereas Panofsky's measurement of the ratio was 0.94 ±0.3.
The neutral pion resulting from the first decay mode decays into two y-rays of lower energy than the y-ray from the second mode. So a measurement of R involves measurement of the relative intensities of these y-rays. To do this Cassels developed a new method for measuring high energy y-rays. In this the y-rays enter a high density lead glass block in which they produce showers of electrons. The electrons give rise to Cherenkov radiation whose intensity is essentially proportional to the total length of electron track and hence to the energy of the y-ray. The radiation is detected and measured with a photomultiplier tube. A cylindrical block of lead glass 5 inches in diameter by 8 inches long produced by the firm of Pilkingtons was viewed by a 5-inch diameter tube.
This detector had the merit of simplicity and insensitivity to backgrounds of charged particles. Its disadvantage was the poor resolution, so that the two groups of y-rays were not well separated; the overlapping groups were measured with the help of shapes produced by calibration beams of high-energy positrons. The result of the measurement was R = 1.50 ± 0.15 in satisfactory agreement with the calculated value (25). An independent measurement at Liverpool by Merrison's group using a more conventional method of a magnetic spectrometer to measure the electrons ejected from a lead foil by the y-rays gave R = 1.60 ± 0.12.
Cassels then went on to look for various rare decay modes of the pion and muon whose presence or absence could have important consequences for theory. The pion might have a small probability of decaying in a channel that goes via a proton and anti-neutron to an electron and a neutrino, instead of the predominant decay to a muon and a neutrino. The probability of the process is then governed by the type of interaction present in the (3-decay process. It is forbidden except for the A (axial vector) and P (pseudoscalar) interactions and these were thought not to be present in |3-decay. However, the process in which a y-ray is emitted together with the electron and neutrino is allowed in the case of the T (tensor) interaction which was then thought to be definitely present in |3-decay. The rate was expected to be about one thousandth of the decay rate to a muon.
In the experiment positive pions were stopped in a block of polyethylene and scintillation counters on opposite sides were used to look for coincidences between electrons and y-rays. None were found and it was concluded that fewer than 1 in 105 of the pion decays were in this mode with, it was stated, disastrous consequences for the theory (27, 28). The solution was to come shortly from an experiment by another group at Liverpool.
In another experiment a search was made for a rare decay mode of the muon in which an electron and a y-ray are emitted instead of the usual electron with a neutrino and anti-neutrino. It was expected that there would be a small probability of the two neutrinos disappearing and a y-ray being emitted instead. Cassels's group looked for coincidences between electrons and y-rays at 180° (30). They were unsuccessful and this was one of the results that led to suggestions that perhaps the neutrinos associated with the electron and the muon are different particles. In that case, which later proved to be so, the process would be forbidden.
A most fruitful and exciting period of research with the synchrocyclotron began in early 1957 with the discovery by American physicists of the non-conservation of parity. Some of the consequences of this included the longitudinal polarization of electrons from (3-decay, the forward-backward asymmetry of electrons from a polarized radioactive nucleus and, of particular relevance to the Liverpool work, asymmetries and polarization in the decay of pions and muons. A whole new field of investigation was opened up and the Laboratory was alive with discussion and ideas for experiments, not all of which were immediately practicable. Particular questions to be investigated included the degree of asymmetry in the emission of electrons from polarized muons and the actual sign of the muon polarization. Cassels turned his attention to the former while I concentrated on the latter. Naturally the current programme of research was interrupted to make way for these more important and topical investigations.
Cassels's group first set out to make an accurate measurement of the rate of precession of polarized muons in a magnetic field (26). This rate depends on the muon g-factor and earlier measurements had shown this to be within 2% of the value expected for a Dirac particle of spin Vi. Muons, which were a contamination of the positive pion beam, were stopped in a carbon target placed in a magnetic field that was perpendicular to the beam. They were produced by the forward decay of the pions and were polarized along the beam direction. After stopping in the carbon they precessed in the magnetic field and since their decay electrons are emitted asymetrically with respect to the spin direction, an electron counter placed to one side recorded a change in intensity as the rotating muons decayed. A timing circuit was started by the muon and stopped by the arrival of the decay electron. A plot of the output of the circuit showed a sinusoidal variation of intensity which allowed the precession period to be determined. The muon g-factor was shown to be in agreement with theory to within 0.7%.
The deviation of the g-factor from the value 2 is predicted to a high degree of accuracy by the theory of quantum electrodynamics and it occurred to Cassels and myself independently one day that the difference between the muon precession frequency and its cyclotron frequency in the same field is proportional to (g -2), with the factor of proportionality containing only well determined quantities. Cassels set out to design an apparatus to make a measurement using circular orbits drifting sideways in a shaped magnetic field, but there were considerable problems; many years later at C.E.R.N. Farley and his colleagues designed a very ingenious and sophisticated apparatus to measure (g -2) with great precision.
I now return to the negative result of the experiment to detect the electronic decay of the pion with y-ray emission. My group had determined the direction of the spin of positive muons. The spin of the neutrinos emitted in pion decay follows from this and, by the twocomponent neutrino theory, the spin of the neutrinos emitted in (3-decay. The spin direction was found to be opposite to that expected from current knowledge of (3-decay and Cassels was quick to point out that this implied that the (3-decay couplings were V (vector) and A (axial vector) rather than S (scalar) and T (tensor) as previously thought. Hence the negative result of their experiment was to be expected. He also pointed out that the pion decay to an electron and neutrino was allowed by the A coupling and in fact this decay was later observed in an experiment at C.E.R.N. in which Merrison took part.
Cassels continued to be interested in national and international developments. He followed closely the plans for a national laboratory and the setting up of the National Institute for Research in Nuclear Science (N.I.R.N.S.), with the decision to build the proton synchrotron Nimrod at the Rutherford Laboratory in 1957. He served on the Physics Committee of N.I.R.N.S in 1958-59.
Even before the establishment of N.I.R.N.S. discussions had started on the need for more than one national accelerator to satisfy the requirements of the high-energy physics community, with various suggestions as to the type of machine to recommend. Skinner called together a committee which reported in 1957 with the strong recommendation that an electron synchrotron should be built at a laboratory in the north of the country. Cassels, with Devons from Manchester, had already been discussing the question of a second accelerator and its possible site. After considering a sector-focused cyclotron or a linear accelerator they concluded that an electron synchrotron was the preferred machine. These independent activities by Cassels were not viewed kindly by Skinner. In any case the time was not ripe, with N.I.R.N.S. only recently established, for any addition to its formidable responsibilities. Thus, Cassels decided to accept the offer of a professorship at Cornell University and departed thence in the summer of 1959.
At Cornell he joined the team of Robert Wilson on the electron synchrotron, working on the scattering of high-energy electrons by protons. This led to Cassels's last publication in a scientific journal (33); his stay in Cornell was to be brief.
L iv e r p o o l 1960-74
H ead o f departm ent
In January 1960 Skinner died suddenly on a visit to C.E.R.N. Jam es M ountford, the Vice-C hancellor o f Liverpool University, who was a m em ber o f the board o f N.I.R.N.S., had formed a high opinion o f Cassels through his contacts with the scientific members o f the board and through m eeting him on university com m ittees. M ountford was determ ined to secure Cassels for the headship o f the Physics D epartm ent in succession to Skinner. To this end he imm ediately telephoned Cassels and on his own authority offered the position to him, later arranging the necessary form al passage through the various university com m ittees. So Cassels returned to Liverpool in the autum n o f 1960 to occupy the Lyon Jones Chair o f Physics. It was to be a constant source of pride to him that it was the C hair that had once been occupied by Chadwick.
In the m eantim e an advisory com m ittee to N.I.R.N.S., chaired by Cockcroft, had met to consider the further requirem ents of accelerators and equipm ent for the U.K. during the next decade. The main recom m endation was that a design study for an electron accelerator with an energy not greater than 4 GeV should be initiated as soon as possible for installation at a separate National Institute Laboratory. The Board of N.I.R.N.S. accepted the recommendations and set up a Working Party chaired by John G unn of Glasgow University to consider the parameters of such a machine. Their report confirm ed the choice of an electron synchrotron and detailed the strong physics case for the immediate construction of such a machine with an energy of 4 GeV. W hen he took up his appointm ent in O ctober 1960 C assels was concerned to ensure that L iverpool had a m ajor influence on the design o f the accelerator and on the choice of a site for the Laboratory. The B oard decided to offer the post o f D irector o f the new laboratory to M errison, w ho had returned to L iverpool from G eneva in O ctober 1960. Financial approval was given in July 1962 and the site at D aresbury in C heshire was chosen, although problem s o f planning perm ission and site purchase delayed access to the site until O ctober 1963.
W ith M errison in charge, C assels could turn his attention to other m atters, although still m aintaining an advisory role through various laboratory com m ittees. He had the satisfaction o f seeing the Laboratory develop into a thriving centre o f research in high-energy physics for universities in the north o f the U.K. M eanw hile he had to oversee the rundow n o f the 156-inch synchrocyclotron and arrange for its research team s to m ake use o f the laboratories at either D aresbury or C.E.R .N .
B ubble cham bers
By the late 1950s bubble cham bers were becom ing an im portant tool in research and plans w ere form ulated for a large 1.5 m liquid hydrogen cham ber to be built as a national effort for use at C.E.R .N . and the R utherford Laboratory. At Liverpool W ynne Evans had been in the forefront o f developm ents and had constructed the first bubble cham ber in Europe in 1956 (a 6 -inch propane cham ber). In 1959 he follow ed this with a 10-inch hydrogen cham ber which was used for several years in research with the 156-inch cyclotron.
C assels was keen to have the D epartm ent involved with research at C.E.R.N ., and realized that a good approach w ould be to take part in the National Bubble C ham ber work. As bubble cham bers were not an appropiate tool for use with the Daresbury electron synchrotron, he arranged in 1960 for Evans to be seconded for two years to the Rutherford Laboratory, where design and construction o f the N ational C ham ber was to be carried out.
A critical feature of work with bubble chambers is the measurement of the particle tracks on the photographs. Evans designed a measuring machine using mainly commercial components (RITA) that was highly satisfactory and became the mainstay of bubble chamber work in the Department for two decades. Eventually 12 of these machines were constructed and a team of 'measuring ladies' was trained in their use. The eventual number of the measuring staff grew over the years to 60. Cassels enlarged the group with the appointment of more staff to university teaching posts and at one time there were 15 research students involved in the work. The Liverpool group became a major collaborator at C.E.R.N. in several important experiments. Over the years they concentrated on anti-proton annihilation processes and became the major group working in this field.
In 1967 Cassels obtained a grant from the S.R.C. to install an automatic measuring machine, the flying spot digitizer, to supplement the use of the RITA machines. Another automatic machine, the 'Sweepnik', was added in 1978. The analysis of the data produced by all these machines demanded the use of ever more powerful computers, and Cassels was influential in obtaining these nationally. From 1965 to 1969 he was the Chairman of the Film Analysis Panel of the Nuclear Physics Board of the S.R.C. and, according to Burcham, who was also a member of the Panel, he did an outstanding service to particle physics in the U.K.
When the development of more sophisticated electronic detectors pointed to the eventual demise of the bubble chamber, Cassels supported the involvement of several group members with the Omega project at C.E.R.N. This was a large magnetic spectrometer in which spark chamber detectors were photographed by video cameras. Their output was fed directly to magnetic tape for analysis by computer. The rate of recording of events was two orders of magnitude greater than with the bubble chamber and this led to the gradual run-down of the film analysis group, with more staff members moving to work on the Omega project.
University affairs
Cassels took a great interest in teaching and university affairs and to the students he was a well liked and respected Head of Department. He was an excellent lecturer and wrote a highly regarded textbook, Basic quantum m e c h a n i c s , published in 1970 with a sec (34, 40). During his headship he was responsible for many changes in the teaching side of the Department. Geophysics was established in 1963 as a subdepartment under Rod Wilson and various Combined Honours courses with other subjects were developed. The new research interest introduced by Wilson was a first step in Cassels's plan to avoid an excessive concentration on the subjects of nuclear and particle physics. But the main step was his appointment of Charles Johnson in 1969, whose interest was in solid state physics, which led in due course to the setting up of the government-funded Interdisciplinary Research Centre in Surface Science.
The need for a new research laboratory was satisfied by the construction of the Oliver Lodge Laboratory, which was opened in 1969, and Cassels collaborated closely with the architect Tom Mellor. As well as advising on the internal layout he had an influence on the overall design of the building, and the external appearance is an attractive one.
Cassels was a member of many university committees, in particular the Development Committee and its Building Subcommittees through which he played a part in the overall building programme of the University. One small committee that gave him particular pleasure was the Fine Arts Committee. Through his knowledge of the art world, and modern art in particular, he persuaded the University to purchase numbers of early works by artists such as Elizabeth Frink and Lucian Freud and some of these have since increased considerably in value. He decorated the rooms and corridors of the Oliver Lodge Laboratory with numerous examples of the modern style.
Loughborough University of Technology was formed from the College of Technology following the Robbins Report recommendations, and an Academic Advisory Committee was set up to guide the College towards university status. Cassels was appointed a member of the Committee and served on this and its successor, the Academic Advisory Committee to the University, from 1964 to 1971. He was an active member and was one of the few who were members of both committees.
Cassels was an effective committee member; his contributions were always to the point and the result of careful thought. He was studiously polite to supporters and opponents alike. Outside committee he was more outspoken and uninhibited in his comments and even confrontational in his remarks to colleagues whose views and actions did not correspond with his own ideas. It is not surprising that this led to antagonism and, combined with a medical problem to which reference is made later, precluded his appointment to any higher office which otherwise would have been ensured by his outstanding abilities.
Liverpool 1974-82
Combined heat and power group
By 1973, the year in which he was awarded the Rutherford Medal of the Institute of Physics, various influences had combined to persuade Cassels that the time had come for him to consider a change in direction. The Physics Department was well established in its new building, research at Daresbury and C.E.R.N. was thriving, and he had introduced some desirable diversity in research with the new section of Solid State Physics under Johnson. On the other hand he was not in tune with the direction being taken by the University since the student unrest of the 1960s. He felt that the introduction of more democracy in the conduct of academic affairs was going too far, and this was brought to a head as far as he was concerned by the decision in 1974 that heads of department should no longer be permanent appointments but should be chosen from among the senior teaching staff and be held for five years only. Although this edict was not intended to apply to current holders of the office, Cassels felt as a matter of principle that he should resign and hand over to a selected Head. He never ceased to comment on the unwiseness of this development and among his papers was found an amusing poem on the subject in the style of Robert Bums.
He was then less able to influence policy in the Department or University. However, it was was not his intention to return to a close personal involvement with research in particle physics; he remarked that the scale and technology of the subject had progressed far beyond his reach or taste. Instead he looked around for a subject outside the research interests of the Department.
In 1973 a major preoccupation nationally and internationally was the so-called 'energy crisis'. The support of some western nations for the Israelis in the Israeli-Arab war had led to the Arab nations cutting off oil supplies to the West. When these supplies were later restored the price of oil was increased by a factor of more than three. Oil was no longer a cheap fuel in abundant supply and energy conservation was the subject of much discussion in the press and in parliament. There was also an impetus to the growing construction programme of nuclear power stations.
The efficiency of conversion of heat into electrical energy in power stations is limited by thermodynamic considerations to the extent that even the best designed stations reject about 65 per cent of the heat input into the cooling water at the output of the steam turbines. Cassels realized that this warm water might be used to heat buildings and soon convinced himself that the water could be transported over considerable distances with no serious loss of heat. He began to propagate the idea by writing to Members of Parliament and industrialists and in a letter to The Times. The letter was prompted by a leading article on the energy crisis in The Times in December 1973 and, at the editor's request, it was expanded into an article published on 15 February 1974 entitled 'City heat from power station waste'. This pointed out the savings in energy to be achieved by connecting district heating schemes to the warm water output from local power stations, and in particular advocated consideration of this possibility in plans for the new nuclear power stations.
During the following months there was much discussion of these questions, in which Cassels played a full part. Walter Marshall had recently been appointed Chief Scientist at the Department of Energy and, realizing the potential importance of the subject, decided to form a Study Group to investigate it (the Marshall Committee). This became known as the Combined Heat and Power Group and was set up formally by the Secretary of State for Energy at the beginning of 1975. Its terms of reference.were: 'To consider the economic role of combined heat and power in the U.K. and to identify technological, institutional, planning, legal or other obstacles to the fulfilment of that role, and to make recommendations'.
The Group had 20 members and Cassels was probably the only one with no previous industrial or engineering experience. Nevertheless he rapidly made himself familiar with the intricacies of the various engineering and economic problems being investigated and applied to them a probing, analytical mind. The Committee worked for four years and Cassels was an extremely active member, taking a leading role in much of the work.
Athough combined heat and power production had hardly ever been used for district heating in the U.K., it had been quite extensively used in Denmark, Sweden and Germany. To investigate this Cassels went with a small group of Committee members to these countries. The report to the Working Party, which was written by him, is a very detailed and exhaustive account of the situation there. It is a good example of Cassels's literary style, a model of what such a report should be, in which many facts are marshalled in a lucid and illuminating narrative. The report concluded that the viability of the various schemes depended on factors that generally did not apply to the U.K.: shortage of indigenous energy supplies, cheap finance and subsidies, and large concentrations of high rise apartment blocks.
The first report of the Committee, Energy Paper 20, concentrated on the costs of providing combined heat and power schemes for district heating under various assumptions and compared these with the costs for the alternative methods of heating. There were, of course, considerable energy savings with the CHP schemes but the comparisons were strongly influenced by the cost of fuel, the size and density of the housing stock, and the cost of servicing the capital. Because of the large capital costs of CHP and of district heating networks, CHP could compete with individual gas-fired central heating only for the highest housing density and 5 per cent discount rate (based on the price of fuel in 1976).
The publication of Energy Paper 20 produced much discussion, and general agreement with the assumption of the Committee that the price of fuel would be likely to increase steeply by the year 2000. Since the costs were so sensitive to the housing density, Marshall asked Cassels to chair a Working Party to 'examine the heating densities in Great Britain, the changes in those densities that are likely to occur in the future, and to identify the socio economic factors involved'. Of the ten members of the Working Party there was, apart from Cassels, only one other member of the Marshall Committee.
The Working Party report was submitted in September 1978 and it probably represented Cassels's most solid contribution to the work of the Committee. It was published as Energy Paper 34.
The final report of the Combined Heat and Power Group was published in December 1978 as Energy Paper 35. The report led to no action by the Government, since there was no immediate economic case for CHP. The report looked towards a time when supplies of oil and gas were becoming exhausted and it was assumed that coal and nuclear power would then be the primary sources of energy. That time is not yet; the 'energy crisis' led to an intensive and successful search for new sources of oil and gas, and the present price of oil is only about twice what it was 20 years ago. Cassels was naturally disappointed that no action had resulted from such a comprehensive and definitive study and continued to extol the merits of CHP for many years. The importance of the work is now beginning to be recognized, particularly in view of the present interest in reducing the emission of greenhouse gases.
Personal interests and medical problems
Jim Cassels was by nature gregarious, making friends among people from all walks of life. He enjoyed good conversation but had little small talk. He had a somewhat corny sense of humour. His wide range of interests included a love of classical music, particularly the works of Bach and Schubert, which proved a great solace to him in times of loneliness and difficulty. His prodigious memory, which embraced music and literature, specifically biography, made him a most interesting and entertaining companion. His interest in painting and sculpture, for which he had a discriminating eye, has already been mentioned. He took pleasure in patronizing several of the foremost local artists in Liverpool and formed a varied and striking personal collection. A large oil painting of Paul McCartney, bought by him from Sam Walsh, now hangs in the National Portrait Gallery. A second, by a Chinese artist, now belongs to Churchill College where he had been a Fellow. A bon-viveur, he maintained a good and full wine cellar and liked nothing better, whenever possible, than to visit French vineyards and taste the vintages.
When he returned to Liverpool from Cornell in 1960 he decided to take up flying and learnt to fly with the help of members of the University Air Squadron. On gaining his pilot's licence he bought his own plane, a Piper Tripacer, and flew from Speke Airport to airfields throughout this country and the continent.
He was also very knowledgeable about classic cars and in his youth was a follower of motor racing. Indeed, cars remained a passion all his life -he drove well though extremely fast -and he took delight in informing his friends exactly which current model would suit their temperament and lifestyle.
After giving up flying in 1972, Jim devoted much of his spare time to fly-fishing. As with every hobby he pursued he applied himself to this one with great energy and concentration. Most spring and summer weekends were spent in trout fishing from his country cottage in Cumbria. Family holidays were spent on the loughs of County Mayo in the west of Ireland.
O f a com petitive nature, he took delight in proudly displaying his catch to fellow anglers on returning to the hotel at the end o f a d ay 's fishing. Ireland and its people he held in deep affection and he purchased a plot of land on the w est coast on which to build a cottage for his retirem ent. He designed the cottage him self, but increasing ill health finally prevented him from carrying out this plan.
A fter early retirem ent from the U niversity in 1982 he continued to take an active interest in current affairs, with letters to the press and to individuals in high places on a wide range o f topics. These were not alw ays wise, nor were his constant forays into the Stock Exchange, which was another interest that w ent back m any years.
No m em oir of Jim Cassels would be com plete without mention of his two severe, disabling maladies. He suffered for many years from a manic depressive psychosis. W hereas the consequences of a physical disablity may to a large extent be m inimized by an effort o f the will, and even the effects of a stroke may be overcom e to some extent, such a mental illness is quite outside the control of the patient. A recent article in the Scientific Am erican (February 1995) lists the large num ber of artists, writers and musicians who have suffered from this problem. The rate of manic depressive illness within the group is about 20 times that in the general population.
Thus the illness appears to be associated with outstanding creative mental ability.
His wife Jane looked after him with great devotion and cushioned him from the w orld as well as she could during his clouded periods. It was for him a great m isfortune when she died of cancer in 1977. Soon afterw ards he started to suffer from diabetes, his second severe illness, and his condition deteriorated. During his episodes o f extrem e m ania or depression he was confined to hospital and at one tim e even subjected to electroconvulsive treatm ent, a procedure that m uch alarm ed his colleagues and friends. It is a treatm ent m uch less used now than 30 years ago. The m anic depression becam e m ore difficult to treat on account o f his diabetes and because of the latter he becam e a shadow of his form er self and suffered increasingly from its side effects. But, in spite o f these afflictions, though very frustrated, he was uncom plaining about his health and his enorm ous w ill-pow er drove him ever forw ard in relentless spurts o f activity.
He set up a company which he called Igitur to promote the use by diabetic sufferers of certain left-handed sugars, which would not affect the metabolic processes as do the normal right-handed sugars. The use of some of these sugars was patented but it seems that nothing came of this.
He m aintained his long-standing interest in m atters o f energy policy and when John Horlock proposed an investigation on energy policy to the President o f the Royal Society in 1992 he was an enthusiastic supporter. He was a m em ber o f the resulting com m ittee o f the National A cadem ies' Policy A dvisory G roup (N.A.P.A.G.) and initially played an influential part. He attended the 'Energy 200 0 ' m eeting at the Royal Society in M arch 1994 only a few m onths before his death and m ade num erous contributions to the discussion.
A fter the death o f his wife Jane, Jim was supported by a few close friends, in particular Edwin and Anne Wolff, who enjoyed his com pany and endeavoured to help him during his tim es of m ania or depression. D raw n to the com pany o f wom en, he m arried A nalesia Bestm an in 1986. This marriage ended in divorce three years later. Towards the end o f his life he was cared for by a great friend, M argaret Harvey, and was succoured by two near neighbours where he lived in N orw ich, M ary D unn and her sister. Som e failed to understand or sym pathize with the difficulties he faced; but those who appreciated his friendship, integrity and powerful intellect rem em ber him with great affection.
